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Evolve new sonar techniques to provide high-power,
low-frequeney, broad-band underwater sound sources.
The work reported here involved modification of an inter-
leaved-plate electrodynamic transducer to correct design
deficiencies.

1. The interleaved-plate electrodynamic transducer
was modified to prevent flexure of the driving plates and
water stoppage in constricted sections. The revised ver-

ion (Model 3B) is bas v the same as the earlier
s, except for a reduction in the total electrical re-
gistance in each set of plates.

2. The present models of transducers and inverters
have given many hours of sea operation with no serious in=
terruptions.

3. The efficiency of about 1 per cent characteristic of
the Model 3B makes it unsuitable for other than experimen=-
tal applications requiring a very broad usable band width,

4, Purther modifications are outlined, or already in
progress, to extend the usefulness of this transducer.

RECOMMENDATIONS

1. (Consider the Model 3B transducer suitable for use
as a broad-band sonic source in a variety of sonar experi-
ments,



2. Continue development of the interleaved-plate
electrodynamic transducer, modifying it as proposed in the
report, to extend its usefulness.
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INTRODUCTION

An interleaved-plate electrodynamic transdicer was
designed as a brcadband underwater sound source capable
of delivering an acoustic output of 250 watts from an ae
input power of 100 kilowatts. The original model and an
1mproved ver‘s1on (Model 3) are des*crlbed ir earller re-=
ports. g yvatiad
sisted of paral' 1 p&‘afczeﬁs 'of <c‘©gp‘;per' @r* alzu
separated by silicon iron strips. Wi )
level operation of the transducers produced evidence of
flexure of the driving plates, design modification was under-
taken to eorrect this fault. In th diucer described
here (Model 3B) the thickness of the plates was increased
from 3 in¢h to nearly i i Alse, the tubing size was
1ncreased from »,/‘8 to 5/8 ineh ©. D to prevent water

S letails and oper=
atlng characterlst s of M, del 3B are brlevly described in
ions tion téchnique

'Navy Electronics Laboratory Report 883, L 1
Plate Electrodynamic Transducer, PartI: Static Thrust
Analysis by Burwell Goode, 11 December 1958

2Navy Electronics Laboratory Report 995, Interleaved-
Plate Electrodynamiec Transduecer. Pa ot II De51gn and
Performance Analysis of Model 3 by F. R. Abbott,
11 October 1960

*Navy Electronies Laboratory Technical Memorandum 532,
Evolution of a Water Cooled Wave Winding for a Recipro-
cating Motion Linear Drive Electric Motor, by C. Stuart
and F. R. Abbott, 23 March 1962 (an informal document
intended primarily for use within the Laboratory)




MODEL 3B DESIGN

In design and operation the Model 3B transducer is
basiecally the same as the Model 3, 2 the prineipal modifi-
cations being the increase in plate thickness to nearly
1 inch, and the increase in tubing size from 3/8 to 5/8
inch O D The hominal design acoustic¢ output and electri-
3 i , e saine, as does the principal opera-
tional frequency band of 15 to 600 ¢/s. The design changes
produced a rediction in the eleetrical resistance of each
set of plates.

PHYSICAL DESCRIPTION

The physical dimensions of the Model 3B transducer
are as follows:

Weight 1200 pounds
Height 7 feet
Width 3 feet
Length 5 feet
Volume of coolant distilled water 7 gallons

Maximum amplitude of motion of
one dome from normal centered
position 1/8 inch



The tvansducer drive unit is
nade up of twelve mdale and
twelvé female plates. Here
thé male plates are being
lowered itnto the femalé set.

Each driving plate uses ger=
pentine conductor tubing
formed from high=purity round
aluminum tubing, 5/8 inch

0. D. by 0.075 inch lQa‘-Zl.;
deformed to 3/8 inch by 3/¢
inch. A stack of nine
0.012~inch gilicon iron
8trips, 0.975 inch wide, is
inserted between runs of the
aluminum tubing, with suit-
able insulation. The assem=
bly is potted in the alu-
minum frame with epoxy resin.
Guide pins at top and bottom
assure uniform epacing.
Angular fittings (as shown at
left) are joined to the tubes
emerging from the side to
provide electrical connection
with other plates of a set,
and also to permit coolant
water to enter or emerge
Jrom a plate.



The male pldtes Gré held to
the cast magnesium headeér by
»g* ¢lamps which facilitdte
replacemént of a defective
plate with minimun disturd=
anceé of the set. Tubinyg
nipplee on angular electri-
cal é¢onnéctions permit
parallel water flow through
the sets

Heavy construction of end
plates in female set is re-
quired to provide rigidity,

as the end plates are not in
equilibrium with respect to
transverse magnetic fields and
are subject to intense mutu=
ally central attraction.



Plastic water manifolds dare
¢onnected to the assembled
drive unit.

Next, the drive unit is placed in its housing to
rest on side rails., Teflon bearing strips slide
on the lubricated rails to minimize friction.



OUTLET - "IN
TL‘JBESJ

When the drive unit is in its housing,
manifolds are glamped to outlét and
inlet tubés:. An electrical connection
lug at the top is yet to be connected
to onée of the waterproof Joy connecs
tors protruding from the right side.

Here the completed transducer
untt is viewed at the eleciri-
cal feed end. <Stainless steel
bellows are used between the
housing and the round magne-
8ium domes. The final seal is
made with the three sector
clamping rings.




OPERATING CHARACTERISTICS

The principal operational frequency band is 15 to 600
¢{s; for full power the band is about 25 to 300 c/s. The
short pulse acoustic source level is 95 db re 1 dyne at 1
meter, Typical long~pulse operation is at 1200 amiperes
RMS and about 72 volts each, ac and de,

DB ABOVE 1 uBARIAMPERE

AT 1 METER

RORX, (OHMS)

o
0.05.

FREQUENCY: (KEIS)

Trangmitting response of interleaved-=grid trans-
ducer (Model 3B) measured at Pend Oreillle Cali-
bration Station 11/9/62. Test conditions: tem~
perature, 11.1°C; depth, 22.1 meters; current,
210 to 300 amperes input to end of cable
supplied with unity; I, , 600 amperes. The pro-=
nounced anti-resonance and reduced output ‘evident
near 400 c/s are under analysie at this time.
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Internal resistance of the male plate set is 0.028 ohm
and of the fernale plate set, 0,031 chm,

Operation is normally at 150 to 300 foot depth. An

Here the
USS COVE (MSI-1) to 150-foot depth, for tests.

transducer unit is being lowered from

The four 300,000 cir mil electrical power leads
are required to limit transmission loss.



The method of mounting the Model 3 units, as they
are shown heré adodrd USS CAPITAINE, facilitates
minor reépairs at seéa.

Pair of Model 3 units mounted on a submarine deck.
The tractor inner tubes connected to the pressure
compensation system serve as reflectors and pro-

vide about 2 dbd front=to-bdack ratio of the
acousgtic field.

11
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A cooling water flow of 40
gallons per minute at 20 psi
pregsure is provided by l=kw
bower into a submersible pump.

Conversion to ac at the frequency desired in operation
is accomplished by semiconducter parallel inverters which
are rated at hundreds of kilowatts and occupy only about 10
cubic feet,* These inverters have been found quite reli-
able; the difficulty which might be associated with parallel
balanced operation has been largely overcome by the in-
creased rating of the silicon controlled rectifiers (SCR's)

*Circuitry for this type of inverter is published in General
Electric or Westinghouse SCR manuals.



Semiconductor parallel inver-
ters are used to convert to

ac at the frequency desired in
operation. The gilicon-
controlled rectifiers used in
the inverter are WNestinghouse
200=ampere, 500-volt elements
in balanced parallel groups of
eight to permit 3200-ampere
continuous~duty operation if
desired. Space required to
contain these inverters is
about 10 cublic [feet.

13
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uged in them., The SCR's are Westinghoiuse 200= ampere
500-volt elements in balainced parallel groups of eight to
permit 3200-ampere continuous-duty operation if des:lred

Damage to the costly SCR's is usually avoided by
placing an instantaneous magnetic overload relay in the
lead to each. Actuation of any relay opeéns contactors to
the main de power source, Loss of SCR'S has been negli=
gible since this protective means was introdueced.

High power operation is generally pulsed, so the aver-
age power consumption is about 10 kw. Leads must be
large to avoid serious power loss. The high electric cur=
rent input sounds alarming but is no severe problem on
shipboard. Ice breakers, miclear submarines, and many
other ship classes have high-capacity, three-phase, 480-
volt soiirces aboard, This is transformed down to 120
volts or less and eurrently fed directly to SCR inverters in
each phase,

FURTHER DESIGN CHANGES

To increase the usefulness and reliability of the Model
3B, further modifications are proposed, or already under
way, as follows.

The large excursion feature exploited with this deviee
at low frequencies cannot be realized above 300 c/s because
of the mass reactance of plates and the liquid media. In-
troduction of stiff position-restoring springs to permit
resonant operation could raise the practical maximum
usable frequency,

Several units are being converted to resonate at or
below 200 ¢/s. Such resonance precludes operation at
lower frequencies, but may improve performance, by
several db, in a band near resonance.



The simple stack of silicon iron sheets between tubing
runs in the drive plates will be replaced by sets of stamp=
ings to reduce the reluctance of the air gap and thus reduce
input current requirements. This change is expected to
quadruple the efficiency of the transducer and may add
about 10 per cent to the cost of assembly of the driving
plates. The first of these modified transducers will prob-
ably be in operation by the summer of 1963,

An inverter now being assembled will employ eight
400-ampere, 500-volt SCR's and oceupy 5 cubic feet in=
stead of the 10 cubic feet required by the present inverter
unit, Its nominal pulse power rating will be 2000 ampetres
at 100 volts RMS. The space requirement is increased by
the large ac capacitor which must parallel the load,

A bank of ac capacitors s
used with the inverters. Con-
ventional paper-type, motor=
running capacitors are used,
Provision is made for plug-in
variaetion from abdout 10,000 uf
required below 50 c¢/s down to
a few hundred uf regquired at
1000 c¢/s. Usually stable
operation over about an octave
band is possible with congtant
capacitance.,

15
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CONCLUSIONS

1. The present models of transducers and inverters

interruptions, Shutdown time for trouble-shooting is not

severe. The transducers are reasonably resistant to

an excess of deficiency of about 1 psi.

2, 'The efficiency of about 1 per cent
the Model 3B transducer makes i itable for other than
experimental applications demanding very broad usable
band width.

RECOMMENDATIONS

1, Consider the Model 3B transducer suitable for use
as a broad-band sonic source in a variety of sonar experi-
ments.

2. Continue development of the interleaved-plate
electrodynamic transducer, modifying it as proposed, te
extend its usefulness.
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